Aqueous and methanol extracts of Nerium oleander L. leaves inhibited seed germination (Germination Percentage, Germination Speed, Germination Value and Peak Value) and early growth (root hair formation, root & shoot lengths of seedlings) of Parthenium hysterophorus L. in a concentration dependent manner. Methanol extracts of white flowered variety showed higher inhibition compared to that of pink flowered variety (at 1:40 dilution of the stock, inhibition was 60% and 23.4% with white and pink, respectively) and had ~5 fold higher levels of Rutin. Rutin and its aglycoside, Quercetin, when mixed with soil affected seed germination, root and shoot lengths of P. hysterophorus, though the effects varied at varying concentrations. These results demonstrate that N. oleander extracts, Rutin and Quercetin are inhibitory to P.hysterophorus.
Introduction
P. hysterophorus is an obnoxious and aggressively invasive weed of global significance. Its invasiveness and potential for spread is a threat to environment and biodiversity as economically important plants are reduced. In grass lands its invasiveness has reduced the grass by 90% in some areas (Motooka 2003) . P. hysterophorus causes asthma, dermatitis, eczema and hay fever in humans and dermatitis in animals (Lakshmi Chembolli & Srinivas CR 2007) . Physical methods of control of this weed include manual de-weeding before flowering, as de-weeding after flowering leads to increased seed dispersal and germination. Chemical methods of control by herbicides may lead to herbicide resistance by the weed (Adkins et al 1997; Njoroge.J.M.1991) and also serious ecological problems like groundwater contamination further leading to human health hazards. Biological control (Taye Tessema Wondimu 2002) methods like release of insect enemies also have limitations. Management of this weed imparts huge economic burden on the countries where it has aggressively invaded (Review of progress towards implementation of Parthenium weed strategic plan [2006] [2007] . Moreover, allelopathic effect of P. hysterophorus on other species makes it difficult for the weed management strategies (Singh H P et al 2002; Singh H P et al 2003; Mahadevappa. M 1999 & Mulatu Wakjira et al 2006 . As no single method of control has been successful, an integrated approach is suggested for its effective control (Mahadevappa. M 1999) .
P. hysterophorus can be suppressed by other plant species which have been studied for their inhibitory effects on this weed (Javaid A 2005; Mahadevappa. M 1999; Sinha Nawalesh K & Samarjit Singh 2004; Tehmina Anjumi et al 2005) . These plant species may produce chemicals that are inhibitory to P. hysterophorus. For e.g. Cassia sericea plant leachates have kaolines, which accumulate in the soil and interfere with this weed (Mahadevappa. M 1999) . All the plant species that have been found to be allelopathic to Parthenium, till date, are weeds themselves and are not suitable for weed management. However, allelochemicals that are inhibitory to P. hysterophorus are of importance and hold promise to act as sustainable, environment friendly bio-herbicides.
Nerium oleander L is an ever green ornamental shrub which grows well in warm subtropical regions. It is tolerant to drought and variety of poor soils. It is known to be allelopathic to weed species like Arundo donax (Susan M. Pasternak 2005) , Alopecurus myosuroides (black grass), Lactuca sativa (lettuces), Lolium multiflorum (Italian rye-grass) (Nezihi UYGUR. F & Nevin ISKENDEROGLU. S 1997) and paddy weeds (Tran Dang Khanh et al 2005) . N. oleander contains Rutin, Quercetin (flavonoids), oleandrin, neriine (cardiac glycosides), rosagenin (known for its strychnine-like effects), folinerin, neritaloside besides other compounds (Jim Duke 1996 -Dr.Duke's Phytochemical and Ethnobotanical database).
Our observation that growth of P. hysterophorus is scanty around white flowered N. oleander encouraged us to test its possible inhibitory effects on Parthenium. Effect of leaf and root extracts on seed germination, seedling growth and protein expression patterns of P. hysterophorus were tested. Lantana camara was used for comparative analysis as it is known to be inhibitory to P. hysterophorus (Mahadevappa M, 1999) .
Rutin was found to be in higher concentration in methanol extracts of white flowered variety which showed higher inhibitory levels compared to that of pink variety. Hence we tested the effect of Rutin and its aglycoside, Quercetin, on the germination and early growth of P. hysterophorus.
Materials and Methods

Preliminary Studies
Approximately 3-4 feet tall plants of white flowered Nerium oleander were uprooted from soil, washed thoroughly in running water to remove the soil and were placed in a 1 liter conical flask filled with tap water. This setup was maintained for 48 hours after which the water was collected and filtered using Whatman no. 1 filter paper. This root leachate was used for the Germination assay in Petri plates containing soil in which 20 presoaked sterilized Parthenium seeds were sown. Two ml of root leachate was added to each petriplate on a daily basis for 9 days.
Preparation of Aqueous and Methanol Extracts of N. oleander / L. camara
Freshly collected N. oleander / L. camara leaves were extensively washed, wiped, oven-dried (at 50 0 C for 48hrs) and were finely powdered. The powder was stirred in water/ methanol (100g in 500ml) for 24 hrs, filtered using muslin cloth, and was centrifuged at 5,000g for 10min. The supernatant was filter-sterilized (0.22 µm, Millipore) and stored at 4 o C. In case of methanol extracts, methanol in the supernatant was completely evaporated, the residue suspended in water (volume equal to that of aqueous extract) and filter sterilized.
The dry weight of aqueous and methanol stock extracts of white Nerium leaves was calculated by evaporating the solvent completely. See section 3.22
Bioassays on germination paper
P. hysterophorus seeds were sterilized by treating with 4% Sodium hypochlorite for 5 min. Twenty presoaked sterilized seeds were placed in each Petri plate with germination paper. 2ml of extracts of different concentrations was added daily for 9 days. Triplicates were maintained for each concentration. The percentage of seeds germinated, root hairs and lengths of root & shoot were studied. Germination Speed, Germination Value and Peak Value were calculated (Czabator F.J. 1962) . Results were analyzed using Student's t-test. The dilutions that gave 50% inhibition were noted.
Protein Expression Analysis by SDS-PAGE
Parthenium seedlings which were treated with leaf extracts (1:5 dilution of aqueous and 1:10 dilution of methanol -concentrations that allowed germination to some extent but reduced root and shoot length) of white N. oleander / L. camara from day 1 to day 9 were taken for protein preparation which was analyzed in SDS-PAGE.
Procedure for Total Protein Preparation
Parthenium seedlings were homogenized in extraction buffer (0.25 M Tris HCl, 0.5M EDTA, 0.5M NaCl, 0.1% SDS, 100 µg/ml PMSF, pH 6.8) (5ml of buffer/gm weight). The homogenate was centrifuged at 10,000g for 10 min at 4 0 C and the supernatant was precipitated with 10% TCA. The precipitate was washed with acetone and reconstituted in the same buffer.
SDS-PAGE
Electrophoresis was conducted as per the modified procedure of Laemmli (Vichai Boonsaeng 1984) . For separating gel, a discontinuous gradient of 8%, 10% and 12% polyacrylamide was used. The stacking gel was of 4.5% polyacrylamide. Equal amount of protein (i.e., 20 µg/ well) was loaded to each well and was electrophoresed at 50mA. Gels were silver stained using the procedure of J.H. Morrissey (James H. Morrissey 1981).
TLC Analysis
Methanol extracts of leaves of both pink and white varieties of N. oleander were analyzed in TLC using pure Rutin (Sigma Aldrich) as standard. Precoated 20cm x 20cm TLC plates (silica gel 60 F 254 , Merck, Germany) were used for separation of samples. Solvent system used was Ethyl acetate: Formic acid: Water in 85:10:15, and the bands were detected under UV (254 nm). Solvent front was noted and Rf values were calculated.
HPLC Analysis
Leaf extracts of pink / white varieties of N. oleander were analyzed in reverse phase HPLC [Shimadzu Company, . All samples were filtered through 0.22 µm filters [Millipore (India) Pvt. Ltd] prior to use and 20 µl was loaded for each run. Standard graph of Rutin (HPLC grade, Sigma Aldrich) was used to calculate the concentrations of Rutin in the extracts.
For all methanol extracts, Acetonitrile: 0.1% trichloroacetic acid (75:25) was used as mobile phase at 245nm, 27 0 C oven temperature of the column, and at 1.5 ml / min flow rate.
For aqueous extracts, 5% Acetic acid in Acetonitrile: Water (80:20) was used as mobile phase at 373nm, 40 0 C oven temperature of the column, and at 1 ml / min flow rate. Here both Rutin and Quercetin were used as standards.
Effect of Rutin and Quercetin on germination and early growth of P. hysterophorus
Rutin and/or Quercetin (Xi'an Metals and Minerals, China) were directly added to soil in Petri plates (on day-1 and day-4) in which presoaked sterilized seeds were sown. A range of concentrations were tested maintaining triplicates and 20 seeds per plate. Percentage of seeds germinated, root and shoot lengths were observed for 9 days (Table 2 ). Germination Speed, Germination Value and Peak Value were calculated, and results analyzed using Student's t-test and 1-way ANOVA (Ronald E Walpole et al 2006) .
Results
Preliminary Studies
In the preliminary assays conducted with white Nerium root leachates, complete inhibition of Parthenium seed germination was observed.
Bioassays on germination paper
To test the effects of N. oleander extracts on P. hysterophorus in the absence of complex interactions that may take place in the soil due to biotic and abiotic factors, germination studies were carried out on germination paper in Petri plates.
3.2.1
Bioassays were done with white Nerium leaf aqueous extracts using Lantana for comparison. Significant reduction in the % of Parthenium seeds germinated was observed in presence of the extracts (Fig. 1) . With the increase in the concentration, the germination speed (G.S), peak value (P.V) and germination value (G.V) decreased (Fig 2 and  Fig 3) . Root hair development, and root & shoot lengths were also reduced significantly (Table 1 and Fig. 4 ). Compared to Lantana, inhibition by Nerium extracts was more ( Fig. 1 & Fig. 4 ) at comparable dilution of the extracts.
3.2.2
To test whether the inhibition observed above (as in section 3.2.1) was due to the toxicity, germination bioassays were repeated with higher dilutions and with both aqueous and methanol extracts of leaves/roots of two varieties of Nerium, white and pink flowered. Higher level of inhibition was observed with methanol extracts of white Nerium leaves, compared to that of pink (At 1:40 dilution, the inhibition was 60% and 23.4% for white and pink, respectively) (Fig 5 and Table 2 ).
In case of leaf aqueous extracts, no difference in the level of inhibition was observed between pink and white varieties (Fig 5 & Table 2 ). Root extracts of pink and white Nerium did not show variation either (Results not shown).
The trend in germination value (G.V), peak value (P.V) and germination speed (G.S) is as shown in Fig 6 & Fig 7. The dry weights of aqueous and methanol stock extracts of white Nerium leaves corresponded to 35.4 mg/ml and 58.1 mg/ml, respectively.
SDS-PAGE
In SDS-PAGE analysis of protein preparations of the seedlings germinated and grown in presence of N. oleander/ L. camara aqueous extracts (1:5 dilutions of stock-a concentration that allowed germination to some extent but reduced root and shoot length -Fig 8) , a protein band corresponding to 42.66 kDa appeared. Appearance of this prominent band was consistent in repeated experiments. However, the seedlings treated with Nerium/Lantana methanol extracts did not show this band (Fig. 8) .
TLC Analysis
Rutin band was observed in both pink and white N. oleander leaf methanol extracts. Concentration of Rutin in the white flowered variety was much more as observed by the intensity of the band (Fig 9) .
HPLC Analysis
To determine the exact concentration of Rutin in Nerium methanol extracts, HPLC was performed. Methanol extracts of Nerium white and pink contained 7.04 × 10 -4 M and 1.31 × 10 -4 M of Rutin respectively (Fig 10 & Fig  11) .
In aqueous extracts, peaks corresponding to Rutin and Quercetin were detected. Although Rutin peak was distinct, other compounds were not resolved completely (Fig 12) .
Effect of Rutin and Quercetin on P. hysterophorus
Effect of Rutin
Percentage of seeds germinated decreased with the increasing concentrations of Rutin (Fig. 13) . The germination speed (G.S), germination value (G.V) and peak value (P.V) decreased with the increasing concentrations (See Table 3 & Fig. 14 and 15 ). Root lengths reduced at and above 3mg/gm of soil, while below this concentration all the seedlings had increased root lengths, some of them exceptionally longer(2-3 times longer than the average of controls).Shoot lengths reduced at and above 6mg/gm of soil, while below this concentration, all the seedlings had increased shoot lengths. See Table 2 & Fig. 16 ) For Student's t-test and 1-way ANOVA results see Table 3 and 4.
Effect of Quercetin
Although the % seed germination reduced (<50% of control for all concentrations tested), there was no concentration dependent variation. The Germination Speed is less compared to that of Rutin (See Table 3 , Fig. 13 , Fig 14 and Fig 15) . At 6mg/gm a decrease in root and shoot length was observed. Treatment with Quercetin caused increased root and shoot lengths in the seedlings germinated at <6mg/gm. Few roots were exceptionally longer i.e. 2-4 times than the average of controls (See Table 3 & Fig. 17 ). For Student's t-test and 1-way ANOVA results see Table 3 and 4.
Effect of Rutin(R) & Quercetin (Q) in Combination
The % seed germination reduced in presence of these compounds (Fig. 13, Fig 14 and Fig 15) . Root lengths decreased for concentrations at and above 3 R + 3Q mg/gm of soil, whereas below this concentration, all the seedlings had increased root lengths, some of them 3-4 times longer than the average of the control. This trend is similar to that of Rutin treatment (See Table 3 & Fig. 18 ). For Student's t-test and 1-way ANOVA results see Table  3 and 4.
Discussion
The present study was initiated with the aim of exploring the inhibitory effects of N. oleander. Both aqueous and methanol extracts of white Nerium leaves inhibited Parthenium seed germination and early growth. When tested on seed germination and early growth of crop plants, Nerium extracts had no effect on wheat, Ragi, Green gram and Soya gram seeds even at 1:3 dilution of the stock preparation (Results not shown here).
Of the two varieties of Nerium tested, methanol extracts showed quantitative difference in the inhibition level of seed germination (at 1:40 dilution of the stock, inhibition was 60% and 20% with white and pink, respectively). Quantitative difference in the concentration of Rutin (5 fold more in white variety) in these extracts might account for this difference. Hence we tested the effect of pure Rutin and its aglycoside, Quercetin, on Parthenium seed germination. Approximately, 90% inhibition of seed germination was observed at 1.5mg of Rutin per gm of soil. As Rutin is sparingly soluble in water, i.e. ~125mg /L (HMDB in 'Reference') the actual amount of Rutin that is picked up by the seedlings might be much less.
Both Rutin and Quercetin increased the root and shoot lengths at lower concentrations (in the seedlings that could germinate at these concentrations), whereas, inhibited the same at higher concentrations. This correlates with the previous studies that phenolic allelochemicals at lower concentrations may be stimulatory where as inhibitory at higher concentrations in the receiving species ( As analyzed in SDS-PAGE, a new protein band was observed in P. hysterophorus seedlings grown in presence of N. oleander aqueous extracts. More detailed expression analysis in 2D PAGE and/or microarray is required to identify the genes that are responsible for morphological changes in P. hysterophorus on exposure to Nerium extracts / pure compounds. A time bound expression analysis of the proteome under the influence of these extracts/compounds may help us to delineate the complex inhibitory mechanisms. Also, the effect of Nerium extracts and its pure compounds on crop plants have to be studied in more detail for practical applications.
Conclusion
These preliminary studies showed that N. oleander extracts and Rutin & Quercetin did affect the early growth and germination of P. hysterophorus. Other compounds of N. oleander have to be tested for their inhibitory effects. The interactions of these compounds with biotic and abiotic soil factors have to be investigated that may help us to gain insights into the inhibitory mechanisms and in turn may lead to future potential bio-herbicide against P. hysterophorus. # The t-values obtained by unpaired Student's t-tests at P = 0.05 and t-critical ≈ 2.01 * t-value could not be obtained as the no. of seeds germinated was less ** Control taken as zero 
